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This paper develops an equilibrium model for the Greek housing market that incorporates 
both macroeconomic as well as country-specific variables that affect demand for and supply 
of houses. In the overall upward phase of the 26-year period examined (1985Q1-2010Q4), our 
investigation of short-term fluctuations in real house prices and stock prices confirms the 
inverse relationship between movements in the housing price index and the stock exchange 
general index, identifies the direction of causality as running from the financial sector to the 
real sector, and finds that, following an exogenous shock, reversion to the long-run 
equilibrium is a rather slow process. Furthermore, we identify a fundamental shift in the 
behaviour of Greek homeowners, who appear to be moving away from the treatment of 
housing as consumption good, towards treating house purchases as investment. 
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1. Introduction  
It is well documented in the literature that house prices are closely associated with 
economic variables such as inflation, employment, interest rates and stock market 
performance. These variables affect economic cycles (e.g. Higgins and Osler,1999; Collyns 
and Senhadji, 2002; Leamer, ((2007 ))) and economic growth (Van Dijk et al., ((2009 ))). 
However, explaining house price movements entails more than mere macro-economic factors. 
Household attitudes towards purchases of houses vary along a consumption-investment 
spectrum. The exact point that households position themselves on this spectrum is critical for 
the functioning of the housing market: it affects demand, supply and, by implication, the price 
outcome. For example, if households view house purchases as an act of consumption, they are 
more likely to hold on to their real asset. In the event that they wish to make an alternative 
investment or perceive they can realize a capital gain, they might consider entering the 
secondary market and selling it. In such cases, the supply of houses is doomed to rise at a 
lower pace than demand, constantly pushing house prices higher. By contrast, if households 
are willing to consider house purchases as an act of investment, their entrance into a 
secondary market is more likely, giving supply a greater chance to  keep up with rising 
demand and making house prices more flexible downwards, Glaeser et al. ((2008 )). It, 
therefore, becomes obvious that meaningful investigation of house price behaviour has to 
include, but also go well beyond, standard demand and supply analysis.  
The importance of the construction sector for the Greek economy, both directly 
through its contribution to GDP and indirectly through the development of backward 
linkages, together with the traditionally large proportion of housing wealth in Greek 
households’ portfolios give special weight to the exploration of house price dynamics in the 
Greek housing market. It is worth stating at the outset that the housing market in Greece is 
one where demand has typically risen faster than supply, house prices have been extremely 
inflexible downwards, and house purchases have largely related to consumption. Greek 
households have traditionally treated housing as consumption good and have adopted a 
conservative and less risky, the “buy and hold” approach, which has arguably been 
responsible for steadily rising house prices. Recently, however, particularly with the stock 
market boom of the late 1990s, there have been signs that household attitudes towards 
housing may be changing. Although not fully documented, it has not been uncommon for 
households to sell property in order to invest in the stock market2 or, when the circumstances 
are right, in order to realize a capital gain. A growing secondary market is welcome in the 
                                                 
2 In a 2001 article in The Washington Post, the then President of the Athens Stock Exchange, P. 
Alexakis, points out that some of the Greeks who invested in the stock market for the first time when 
they saw prices soaring in 1999 did so mortgaging or selling property to raise the funds. 
Greek housing market, as it facilitates higher volumes, greater price flexibility, and, in 
general, smoother functioning of the market.  
The peculiarities of the Greek housing market, along with the afore-mentioned need 
to go beyond standard demand and supply analysis in order to fully explore house price 
behaviour, constitute the main motivation for undertaking the present study.  Its purpose is to 
identify theoretically sound and practically useful determinants of house prices in the Greek 
economy. Macroeconomic variables that affect house prices, as well as the links between 
house prices, housing wealth and financial wealth have been investigated both for individual 
economies (including Greece) and for groups of countries. However, little attention has been 
paid so far in the relevant literature in extending standard demand and supply analysis to 
incorporate household attitudes towards purchases of houses and identify their implications 
for the housing market. The goal of this paper is to fill this gap. Our contribution to the 
literature is twofold. First, we develop an equilibrium error-correction model that incorporates 
macroeconomic variables which affect demand for and supply of houses in a country-specific 
context. Second, we explore the existence of a link between house prices and stock market 
volatility, which has not so far been covered at a satisfactory level in the literature.  
Using data from DSI Statistical Bases from 1985Q1 to 2010Q4, we then employ an 
empirical framework that allows us to analyze the behaviour of Greek house prices and 
subsequently quantify the impact and explain the extent to which these determinants impinge 
upon house price movements. We find a negative relationship between production-excluding-
construction in the real sector and real house prices that lends support to our argument that as 
house prices in Greece rose over the period examined, the construction sector continued to 
attract the bulk of investment funds, thus depriving the rest of the economy of vital 
investment funds. Moreover, in investigating the determinants of stock market performance, 
we find a positive relation between the stock market general index and the informal sector, 
which we take as evidence that the underground economy in general and funds realized via 
tax evasion in particular eventually find their way to the Greek stock market.   
In the overall upward phase of the 26-year period examined, our investigation of 
short-term fluctuations in stock market performance and real house prices supports an inverse 
relationship between movements in the stock exchange general index and the housing price 
index, with changes in the stock market index causing opposite changes in house prices and 
changes in house prices reinforcing this negative relationship in the next period. Measuring 
the equilibrium adjustment mechanism, we find slow reversion to the long-run equilibrium 
following an exogenous shock.  
Moreover, we find evidence that the more volatile the stock market index the higher 
the demand for housing and the stronger the positive change in the housing price index 
appears to be, acting as a hedge mechanism. Together with the inverse relationship between 
the stock market index and the housing price index, the positive, albeit small in magnitude, 
correlation of equity market volatility and the change in house prices confirms the substitute 
nature of stock market investment versus housing market investment, pointing to a 
fundamental shift in the behaviour of Greek households away from the conservative “buy and 
hold” attitude, towards treating house purchases as investment, with houses being bought, but 
also being sold, when alternative investments are available or when capital gains are 
forthcoming. This shift is of utmost importance for assisting the Greek housing market to 
eventually operate in a more orthodox manner, with prices going up when demand rises and 
down when demand falls. 
The rest of the paper is organized as follows: A brief survey of related literature is 
conducted in section 2. Section 3 outlines the importance of construction activities for the 
Greek economy. Basic characteristics of the Greek construction sector in relation to macro-
economic variables in the 26-year period examined are presented in section 4. Methodology 
and data and variable selection are outlined in sections 5 and 6 respectively. Section 7 
presents empirical findings. Concluding remarks are made in section 8. 
 
2.  Related Literature 
Of the numerous theoretical attempts to integrate the real estate market, the capital 
market and construction activity, the works of Fisher ((1992 )) and DiPasquale and Wheaton 
((1992 )) stand out. The Fisher-DiPasquale-Wheaton (FDW) model of property market 
equilibrium was subsequently presented in the seminal textbook in urban economics and real 
estate markets by DiPasquale and Wheaton ((1996 )).  
It distinguishes between the space market and the real estate asset market, linking the 
spatial demand/supply dynamic to real estate asset values in order to give a more accurate 
description of the interaction between financial markets and real asset markets. In the FDW 
model, the cash flows generated by ownership of property are determined in the space market 
by equating demand for and supply of housing use or space. Demand for space comes from 
users who need to maintain the same level of space activities. With fixed supply, the price of 
space, i.e. rent, increases if demand for space increases and falls if demand for space falls. 
Further, rent is transformed into a market value by discounting at the capitalization rate that 
reflects the level of real interest rates. Finally, the volume of construction is taken to be a 
function of the market price of real estate. Construction is forthcoming when market prices 
are above construction costs. Conversely, construction comes to a halt when market prices are 
below construction costs. 
Existing general equilibrium models with housing include Davis and Heathcote 
((2005 )), who explore the implications of a real business cycle model with a construction 
sector, Ortalo-Magne and Rady ((2006 )), who analyze an overlapping generations model to 
study prices and volume in the housing market and Glaeser et al. ((2008 )) who investigate 
the boom-bust housing cycles with housing bubbles model3. However, none of these papers is 
concerned with financial assets. Cocco ((2005 )), Flavin and Yamashita ((2002 )), and Flavin 
and Nakagawa ((2008 )) consider portfolio choice with exogenous returns in the presence of 
housing. However, these models are not set in general equilibrium. 
Consumption-based asset pricing models traditionally assume that there is a single 
consumption good. Eichenbaum et al. ((1988 )) and Jagannathan and Wang ((1996 )) show 
that non separable utility over consumption and leisure does not help explain mean asset 
returns. Santos and Veronesi ((2006 )) show that the ratio of consumption to labor income 
forecasts stock returns. However, their pricing kernel is the same as that in the standard 
model, because utility is separable in consumption and leisure. Their result therefore does not 
arise from composition risk as we define it. Dunn and Singleton ((1986 )), Eichenbaum and 
Hansen ((1990 )), and Heaton (((1993 )), ((1995 ))) consider the consumption Euler equation 
when utility depends on services from consumer durables. They show that adding consumer 
durables does not help explain the level of the equity premium 
Although it has been hard to distinguish between property purchases as an act of 
consumption versus property purchases as an act of investment, it is true that real estate 
typically constitutes the single most important component of the household portfolio , Chau et 
al. ((2007 )). It is also true that the typical household holds a highly undiversified portfolio, 
since the majority of households do not participate in the stock market. In Greece, for 
example, at best one in three households hold stock directly. By contrast, eight in ten 
households own a home4. Even in the US, one in five households hold stock directly, while 
two in three own a home (Kullman and Siegel, ((2005 )). 
 Nevertheless, real estate holdings, even as a consumption decision, do affect 
investment decisions. A number of studies (Kullman and Siegel, 2005; Kapopoulos and 
Siokis, 2005; Ebrahim and Hussain, 2010) confirm that, ceteris paribus, real estate exposure is 
negatively related to stock and other risky financial asset holdings. Kullmann and Siegel 
((2005 )) and Miller et al. ((2009 )) show that after controlling for wealth, income and other 
household characteristics, the relative share of risky assets is a negative function of the real 
estate ownership in the US. By contrast, Kapopoulos and Siokis ((2005 )) find that in the case 
of Greece real estate prices, at least in Athens area, are a function of the General Index of the 
                                                 
3 Glaeser et al (2008) predicts that places with more elastic housing supply have fewer and shorter bubbles with 
smaller price increases. A number of more elastic places experienced large price booms, but as their model 
suggests, these booms seem to have been quite short.  
4 In 2008, Greek household wealth consisted of real estate (81.8%), savings (17%) and stock (1.2%), while the 
homeownership rate, at 80.1%, was the second highest in the EU (Hardouvelis, 2009).  
Athens Stock Exchange. Thus, the inverse relationship between equity and housing 
investment is well documented, even though the direction of causality is less clear. 
In the international arena there are many studies addressing housing prices and 
bubbles (Kim and Suh ((1993 )), Case and Shiller ((2003 ))5, Hui and Yue ((2006 )), Vlamis 
((2007 )), Fraser et al. ((2008 )), Case and Quigley ((2008 )),  Case ((2008 )), Fender and 
Scheicher ((2009 )) and Sarmiento ((2009 ))) but much less researchers address the role of 
housing price volatility in determining investment decisions. Hossain and Latif ((2007 )) in an 
effort to identify the determinants of housing price volatility demonstrate that it is affected 
significantly by gross domestic product (GDP) growth rate, housing price appreciation rate 
and inflation. Additionally, volatility affects GDP growth rate, housing price appreciation and 
volatility itself.  
Glindro et al. ((2008 )) find on a study involving nine Asia Pacific economies that the 
current run-up in house prices reflects mainly an adjustment to more buoyant fundamentals 
than speculative housing bubbles. National average house prices on those countries mask the 
volatility in house price movements in leading cities/markets. On the forecasting study Miles 
((2008 )) use a number of techniques (GAR, ARMA, GARCH) and indicate that, the GAR 
model is very important, especially in those U.S. states which exhibit the greatest house price 
volatility. The results further suggest that models such as GAR may not add much 
forecastability in relatively stable markets 
As far as the involvement of real estate in the macro-economy is concerned, two main 
strands of thought can be identified. The first is concerned with spotting and measuring a 
housing wealth effect on consumption, comparable to the financial wealth effect. This strand 
examines whether consumer spending responds to changes in housing values, similarly to 
responding to changes in financial asset values, and tries to assess the relative importance of 
housing and financial wealth upon consumption. There is wide disagreement among the 
scholars. Some (Leung ((2004 )), Case et al., ((2005 )); Aron and Muellbauer, ((2006 )); 
Carroll et al., ((2006 )), Sierminska and Takhtamanova, ((2007 ))) find that the housing 
wealth effect is substantially stronger than the financial wealth effect. Others ( Kapopoulos 
and Siokis, ((2005 )); Case et al. ((2005 ))) find either mixed results or evidence in favour of 
the financial wealth effect. Case and Quigley ((2008 )) analyzing the three mechanisms6 
which govern the propagation of changes in the housing market anticipate small wealth 
effects transmitted to the economy, but  large income effects affecting the rest of the economy 
                                                 
5 Case and Shiller (2003) indicates that elements of a speculative bubble in single-family home prices-the strong 
investment motive, the high expectations of future price increases, and the strong influence of word of-mouth 
discussion—exist in some cities. The consequences of such a fall in home prices would be severe for some 
homeowners. Given the high average level of personal debt relative to personal income, an increase in 
bankruptcies is likely. Such an increase could potentially worsen consumer confidence, creating a renewed interest 
in replenishing savings. 
6 Wealth effects, income effects, and effects through financial markets. 
and substantial financial market effects. In certain cases, it has not been possible to find 
evidence supporting a statistically significant relationship between housing prices and stock 
prices at all, Georgakopoulos et al., (2002) ().  
A second strand in empirical research investigates housing price dynamics, looking 
mainly for macro-economic variables that determine changes in house prices (Sutton, 
((2002 )); Apergis and Rezitis, ((2003 )); Tsatsaronis and Zhu, ((2004 )); Borio and McGuire 
((2004 ))), thereby establishing the channels through which housing market shocks filter 
though the rest of the economy. Sutton ((2002 )) attributes house price fluctuations in 6 
western developed economies to changes in national incomes, interest rates, and stock prices, 
although in some instances house prices actually increased by more than warranted by these 
determinants. Beltratti and Morana ((2010 )) report that the US are an important source of 
global fluctuations not only for real activity, nominal variables and stock prices, but also for 
real housing prices. They highlight that global supply-side shocks are an important 
determinant of G-7 house prices fluctuations7.   
Inflation tends to be a very important factor in driving house prices in the cross-
country study of Girouard et al. ((2006 )). If inflation rates were to rise sharply house prices 
would come under downward pressure. In that event, the shape and duration of any 
subsequent downward adjustments are likely to be conditioned by the current low level of 
inflation. Equity prices appear to be a gauge for house prices and short-term interest rates to 
have important implications for house price dynamics in the sample of 13 industrial countries 
studied by Borio and McGuire ((2004 )). Finally, interest rates, inflation and employment 
were found important in that order in a case study of Greek housing prices conducted by 
Apergis and Rezitis ((2003 )). 
Case and Shiller ((1988 )) see a house market driven largely by expectations. People 
seem to follow their expectation on the basis of past price movements rather than any 
knowledge on fundamentals8. At a period where the house prices was at peak, Shiller 
((2007 )) reported that it was possible they will continue going up as was commonly 
expected, though he rightly pointed out a high possibility of steady and substantial real home 
price declines over years to come. On the recent U.S. housing bubble White ((2009 )) 
suggested that it is not the results of a wrong monetary and financial system (as it happened 
under with a restricted financial system) but miscalculations began with unusual monetary 
policy moves by the Federal Reserve System and novel federal regulatory interventions These 
poorly chosen public policies distorted interest rates and asset prices. 
                                                 
7 Beltratti and Morana (2010) indicate bidirectional linkage between real housing prices and macroeconomic 
developments, with investment showing in general a stronger reaction than consumption and output to housing 
price shocks 
8 Case and Shiller (1988) report that in the absence of severe economic decline the house prices prove to be 
inflexible downwards. Combined with upward volatility, this inflexibility produces a ratcheting effect with 
complicated distributional consequences.  
3. The Importance of the Construction Sector for the Greek Economy 
Over the past several decades, housing and building construction have played a key 
role in output growth and employment in the Greek economy (Ghicas et al. ((2000 )) 
Karousos and Vlamis ((2008 )) and Benos et al. ((2010 )))9. Since the 1960s construction has 
typically absorbed one-half to one-third of private fixed investment, accounted for 4-10% of 
employment, and contributed 5-10% to Greek GDP (Greece in Figures, 1990 and 2006). By 
2008 the contribution of the construction sector to employment and GDP reached 8.7% and 
10.7% respectively (Hardouvelis, ((2009 ))).  
Strictly speaking, construction is not part of the industrial sector. This is because the 
output of the construction sector, albeit consumable, does not add to manufacturing value 
added (MVA), except, perhaps, indirectly via the creation of backward linkages, such as the 
establishment of manufacturing units that supply construction activities with their output. 
Therefore, expansion of the construction sector does not necessarily involve industrialization 
as the engine of growth of the economy. On the contrary, consistent channeling of funds 
towards the construction sector may deprive other sectors from vital investment funds. 
Nevertheless, construction activity may positively affect the economy when 
associated with increased house ownership, which, in turn, increases household assets.  The 
higher house prices raise the net worth of households, giving potentially rise to a housing 
wealth effect’ Particularly in the case of Greece, where housing is the single biggest 
component of household wealth, National Bank of Greece ((2006 ))10, comprising more than 
80% of total household wealth and the homeownership rate exceeds 80%, Hardouvelis 
((2009 )) developments in the housing market are critical for the growth outlook of the 
economy, Girouard et al. ((2006 )).  
Large scale internal migration and limited alternative especially financial investment 
opportunities, coupled by security from inflation. Relatively good knowledge of the market, 
have traditionally made investment in construction particularly attractive in Greece and are 
largely responsible for the steadily increasing land and housing prices up until the early 
1990s. Since then, liberalization of the Greek financial sector, along with fulfillment of the 
economic criteria for euro-zone membership, has fuelled expectations for higher profitability, 
                                                 
9 Ghikas et al (2000) search the valuation of IPOs in the construction industry and report that construction 
companies managed to raise capital and fund their investments through Athens Stock Exchange. Karousos and 
Vlamis (2008)   indicate that the domestic and global macro-environment have a substantial effect to the market 
participants in the Greek construction sector. Specifically the ability of the Greek construction companies to take 
advantage of the constantly changing domestic and global macro-environment affects significantly their future 
viability and success. Benos et al. (2010) reveal positive relationship between construction activity and economic growth.   
10 National Bank of Greece (2006) has estimated that Real Estate has long been one of the pillars of economic 
growth in Greece. Residential investment activity, combined with the effect of housing wealth on consumption, 
has provided about 1.3 percentage points to annual GDP growth during 2000-2005. Household wealth held in 
residential estate has been valued to be in the range of 6½ times GDP (4.9 times the revised GDP figure for 2006), 
compared with 4½ times GDP for the euro area as a whole, and private residential investment comprises about 39 
per cent of gross fixed capital formation – a far larger share than that for the euro area average (28 per cent). 
replenishing interest in housing investment. Liquidity and credit, vital ingredients for 
enhanced demand for housing and, therefore, house price rises, have been readily available. 
As a result, from 1993 to 2007, real house prices soared by 105.3% or 4.9% per year on 
average (Simmiyiannis and Chondroyiannis, ((2009 ))).  
Evidently, the contribution of the construction sector to Greek GDP growth has been 
quite significant. At the same time, the realized increase in house prices has produced 
substantial wealth for homeowners, fuelling consumption and reinforcing economic growth.  
4. Characteristics of the Greek Construction Sector 
Figure 1 depicts the variability of the real housing price index over the period 
examined (1985Q1-2010Q4). Evidently, in spite of short-term fluctuations, the real housing 
price index in Greece has overall been subject to a positive trend. It could, therefore, be 
argued that steadily growing demand for housing has almost been a permanent characteristic 
of Greek society. 
Figure 1: Real Housing Price Index (HI) 
 
The graph also indicates two clearly distinguishable periods: 1989-1999 and 2000 to 
the present. During the first period, the real housing price index moved upwards along the 
lines of the positive trend that had been established since the early 1980s. From the year 2000 
onwards, possibly boosted by the decline in real interest rates, the real housing price index 
soared, experiencing unprecedented heights. 
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The late 1990s were marked by positive developments for the Greek economy. As the 
expectation that Greece would satisfy the criteria for entering the euro-zone became certainty, 
inflationary expectations subsided and interest rates fell substantially. Figure 2 illustrates that 
since 1998 the expansion of the economy following the decline in real interest rates was 
accompanied by lower unemployment. 
Figure 2: Real Long Run Interest Rate (LR) and Unemployment Rate (UN) 
 
A further characteristic of the Greek construction sector is revealed in figure 3, where 
total real production excluding construction appears to exhibit an almost unequivocally 
inverse relationship with the real housing price index. Especially in the post-2000 period, 
soaring house prices and the resulting higher return expectations appear to have monopolized 
the interest of investors. This lends support to the argument made earlier, namely that 
concentration of investment in real estate may have deprived the rest of the economy from 
vital investment funds. 
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Figure 3: Real Housing Price Index (HI) and Real Production Index (PROD) 
 
 
5.  Theoretical Underpinnings 
The excellent insight into the distinction between the space market and the real estate 
asset market given by the FDW model provides the starting point for our analysis of the 
Greek housing market. We express the model of demand and supply in the real estate market 
of Greece as follows: 
 
Dt=α0+β′ZD1,t+γ′ZD2,t+εt                                                                               (1) 
              St=δ0+λ′Zs1,t+κ′Zs2,t+ut                                                                                  (2) 
 
Where, ZD1,t  is a vector including the macroeconomic variables affecting demand and ZD2,t  is 
a vector of country specific factors affecting demand. Similarly, Zs1,t  is a vector including the 
macroeconomic variables affecting supply and Zs2,t  is a vector of country specific factors 
affecting supply. 
 
The demand equation can be expressed as: 
 
Dt =α0 -β1HIt –β2ASEt + β3PRODt+ β4Wt - β5LRt -γ1LFPRt +ε*t      (3) 
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In the first place, higher house prices (HIt) reduce demand for houses. Moreover, as it 
is well documented in the literature, an increase in the stock market index (ASEt) will reduce 
demand for home ownership (see, for example, Kullmann and Siegel, ((2005 )), Kapopoulos 
and Siokis, ((2005 ))). Increases in industrial production-excluding-construction (PRODt) are 
expected to influence positively demand for home ownership, as are increases in wages (Wt,), 
the latter taken as a proxy for disposable income. Furthermore, lower long-term interest rates 
make other assets like bonds less attractive as investments and lead to an increase in demand 
for home ownership, while an increase in the short-term rate adversely affects mortgages and 
has a negative impact on the demand for home ownership. 
The vector that includes country specific factors should typically include mortgage 
market characteristics, leverage/indebtedness of households, tax considerations and 
demographics, as well as some measure of the size of the underground economy, which is 
estimated to be approximately 40% of the GDP in Greece. Since we concentrate on 
macroeconomic factors in this study, we assume that all of the influences stated above are 
included in the error term, except for the underground economy, which we proxy via the 
Labour Force Participation Rate (LFPRt). We expect LFPR to have a negative impact on 
demand for home ownership, as decreases in the official labour force participation rate 
indicate a shift of labour supply towards hidden activities (Tanzi, ((1999 )); Giles, ((1999 ))). 
 
Similarly, the supply equation can be expressed as:  
 
             St=δ0+λ1HIt + λ2ASEt - λ3PRODt - λ4INFLt – λ5CCIt - κ1LFPRt +u*t    (4) 
 
Housing prices (HIt) affect supply positively, as they act as a signal for more profit to 
be made by investors. Ditto for the stock market index (ASEt), this gives a boost to stock 
market listed construction firms that could use the equity market as a source of their 
financing. Furthermore, we expect supply of new houses to be negatively associated with 
industrial production-excluding-construction (PRODt) and construction costs (CCIt). A 
negative relationship is also expected of inflation (INFLt), which affect financing and, 
therefore, costs.  
The country specific factor κ′Zs2,t includes leverage/indebtedness of developers, tax 
conditions (e.g. V.A.T.), as well as the underground economy proxy (Labour Force 
Participation Rate, LFPRt), which accounts for tax evasion practices. It is worth noting that 
the latter constitute a rather widespread phenomenon in the Greek housing sector. Allegedly, 
in all housing market transactions only half of the selling price is registered, pointing to 
significant tax evasion and revenue losses for the government. As in the case of demand, we 
assume that all of the influences contained in the country specific factor are included in the 
error term, except for the underground economy proxy (LFPRt), which is expected to have a 
negative impact on supply.  
Next, we establish the equilibrium relationship by equating demand and supply. 
Solving for housing prices: 
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(5) 
In the context of this theoretical model, we expect the following a priori conditions to hold: 
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In the ensuing two sections, we investigate the data, performing a unit root test and 
then the Johansen cointegration test. We use a VECM (Vector Error Correction model) in 
order to capture the long-run equilibrium together with the short-run dynamics. 
 
6. Data Set - Variable Selection  
 Quarterly time-series data was collected for 1985Q1 to 2010Q4. Overall, the period 
under examination coincides with a period of substantial growth realized by the Greek 
economy, apart from the last eight quarters where the Greek economy due to the debt crisis is 
experiencing an abrupt reversal in its long term cycle . With construction traditionally 
constituting a major driver of economic growth in Greece, an in-depth investigation of the 
interrelationships between the real and the financial sectors during the uprising part of a long-
run business cycle, but also including the reversal, gives useful insight into both the past and 
the future. 
 We collected data on the housing price index, the unemployment rate, the long-run 
interest rate, the short-run interest rate, the Athens Stock Exchange General Index, and the 
total production index excluding construction. CPI data were used to transform nominal 
variables into real. Furthermore, we collected data on the construction cost index, the labor 
force participation rate and the wage rate. All data were gathered from the same database, 
OECD statistics, except for the Athens Stock Exchange General Index, which was derived 
from the Athens Stock Exchange.  
 
 The following variables were chosen for our model: 
HI: The Real Housing Price Index. It serves as a proxy for the decision variable. 
ASE: The General Athens Stock Exchange Index. It serves as a proxy for activity in the 
financial sector of the economy. 
LR: The real Long-Run Interest Rate. It indicates periods of expansion or contraction in the 
economy. 
W: The real wage rate, as a proxy for income effects. 
LFPR: The Labor Force Participation Rate, as a proxy for the underground economy. 
CC: The Construction Cost Index, as a proxy for the supply side in the industry. 
CPI: The Consumer Price Index. It serves as a proxy for the average general price level. 
PROD: The Production Index in real terms of all other sectors excluding construction. It is 
used as a proxy for the output growth in the economy apart from construction. 
INFL: The growth rate in the CPI, as a proxy for the cost of financing 
Finally in our chosen model we include VARE 
VARE: It is a measure of the volatility of the Athens Stock Exchange Index, ASE, obtained 
by estimating AR(2), the autoregressive model of order 2 of the ASE, saving the residuals and 
constructing their variance.  
  
 We used the E-Views statistical package for the data set formation and model 
estimation. Table 1 presents the descriptive statistics for each variable used. 
 
Table 1. Descriptive Statistics 
Notes: HI: The Real Housing Price Index. It serves as a proxy for the decision variable, ASE: The General Athens 
Stock Exchange Index. It serves as a proxy for activity in the financial sector of the economy, CC: The 
Construction Cost Index, as a proxy for the supply side in the industry UN: The official Unemployment Rate. It 
reflects the specific phase of the business cycle of the economy, LR: The real Long-Run Interest Rate. It indicates 
periods of expansion or contraction in the economy, LFPR: The Labor Force Participation Rate, as a proxy for the 
underground economy, W: The real wage rate, as a proxy for income effects 
 HI ASE CC INFL PROD LR LFPR W 
 Mean  0.67  0.58  0.72  0.81  0.009  0.12  0.38  1.13 
 Median  0.72  0.48  0.77  0.91  0.008  0.10  0.39  1.17 
 Maximum  1.21  1.74  1.23  1.40  0.010  0.24  0.54  2.20 
 Minimum  0.14  0.01  0.17  0.14  0.007  0.03  0.31  0.21 
 Std. Dev.  0.33  0.45  0.31  0.38  0.0008  0.07  0.05  0.58 
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Further, all data series were tested for stationarity using the following unit root tests (table 2).  
All variables are found to be I(1), except for the PROD which is found to be stationary by the 
P-P test at the 10% level and LFPR by the KPSS test at the 5% level of significance.  
 
                       Table 2. Unit Root Tests 
 ADF P-P KPSS 
HI -0.39 0.003 1.141 
ASE -2.05 -1.861 0.852 
CCI -0.96 -0.89 1.132 
INFL -0.92 -1.10 1.124 
PROD -1.43 -2.59 0.83 
LR -1.10 -0.96 0.93 
LFPR -1.17 -1.31 0.185 
W -1.07 -0.73 1.108 
Panel B: Johansen cointegration test 
Hypothesized 
No. of CE(s) Eigenvalue 
Max-Eigen 
Statistic 
0.05 
Critical Value 
None *  0.5122  71.070  53.187 
At most 1 *  0.4331  56.203  47.078 
At most 2  0.3206  38.271  40.956 
Note: The critical value for rejection of hypothesis of a unit root at  5%  is -2.89 for the ADF, and the P-P while it 
is 0.46 for rejection of the hypothesis of stationarity for the KPSS. 
 
The Johansen cointegration test is then run among all the variables cited above. On 
the basis of the results, the test for the null hypothesis H0: r ≤ 1 against HA: r > 2 is rejected 
not only at the 5% level but also at the 1% level. This implies that there are two cointegrated 
vectors in the system, while the potential number is seven (one less than the variables we 
included in the determination of our model). We choose the two cointegrating vectors that are 
consistent with the a priori conditions posed above.  
The first cointegrating vector indicates that one long term equilibrium between the 
Housing Price Index and the variables under consideration is the one stated below. Similarly, 
long term equilibrium exists between the Athens Stock Exchange General Index and the 
variables under consideration. The cointegrating vectors may be written in a normalised form 
where constants are included. 
 
 
HI = 6.908  + 5.1457CCI + 0.03150LR – 0.557PROD – 7.6145LFPR - 1.6539W 
               (1.1727)    (2.6148)      (0.0154)      (0.103)            (1.1276)        (0.5885) 
         (Standard errors in parentheses) 
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ASE= -47.88 – 33.83CC - 0.1409LR + 37.398PROD + 53.399LFPR + 10.542W 
                        (7.793)    (17.377)    (0.1024)      (68.728)           (7.4941)           (3.9112) 
  (Standard errors in parentheses) 
 
Econometric modelling 
 
The second stage of cointegration analysis involves building a Vector Error 
Correction Model (VECM). If two or more series are cointegrated, there exist common 
factors that affect them and their permanent or secular trends and, therefore, the series will 
eventually adjust to equilibrium. This implies that even if in the short-run the covariance 
between the dependent and the explanatory variables indicates that they drift apart, in the 
long-run the series will adjust to equilibrium. This is because some weighted difference of the 
two series has a finite constant mean and variance.  
 
Our VECM model is as follows: 
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Where Xt is the Housing Index(HI) and Yt the Athens Stock Exchange Index(ASE), Zt is a 
vector of the variables CC,INFL,PROD,LR,LFPR and W,  E is the error correction term and 
the lag lengths are determined by VEC lag exclusion Wald tests. 
 
From the econometric point of view, HI and ASE are, of course, endogenous variables. The 
question is whether, from the broader point of view, the other variables are also endogenous 
or predetermined. Of course INFL is  likely to be jointly determined with HI, but LR and 
LFPR are likely to be predetermined. Production is rather sluggish and W cannot be affected 
by either HI or ASE. Moreover, CC in the second equation is likely to depend on both HI and 
INFL so it must be considered as endogenous. 
The proper methods of estimation are the well known 2SLS and 3SLS. The drawback 
of 3SLS is that it depends heavily on the parametric modelling of all the endogenous variables 
(that is HI and ASE jointly with INFL and CC). Therefore, 2SLS is preferable but it is not 
flexible in terms of delivering robust standard errors, so we can resort to GMM. 
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Table 3.  Estimation of the Decision Making Model by 2SLS 
ASE: The General Athens Stock Exchange Index. It serves as a proxy for activity in the financial sector of t he 
economy, HI: The Real Housing Price Index. It serves as a proxy for the decision variable,  CC: The Construction 
Cost Index, as a proxy for the supply side in the industry, PROD: The Production Index in real terms of all other 
sectors excluding construction. It is used as a proxy for the output growth in the economy apart from construction, 
INFL: The growth rate in the CPI, as a proxy for the cost of financing, LFPR: The Labor Force Participation Rate, 
as a proxy for the underground economy, LR: The real Long-Run Interest Rate. It indicates periods of expansion 
or contraction in the economy, VARE: It is a measure of the volatility of the Athens Stock Exchange Index, ASE, 
obtained by estimating AR(2), the autoregressive model of order 2 of the ASE, saving the residuals and 
constructing their variance. 
 
 
Variable 
 
Coefficients with Δ(HI) as the 
Dependent Variable 
 
 
 
Coefficients with Δ(ASE) as the 
Dependent Variable 
 
 
 
C 
 
 
 
Δ(ASE(-1)) 
 
 
Δ(HI(-1)) 
 
 
 
Δ(CC) 
 
 
Δ(PROD) 
 
 
Δ(INFL) 
 
 
Δ(LFPR) 
 
 
 
Δ(LR) 
  
 
 
VARE 
 
 
 ECT 
 
 
 
0.0150 
(1.3462) 
 
 
-0.0045 
(-0.6143) 
 
0.4034 
(2.5342)*** 
 
 
0.0643 
(1.2032) 
 
-1.1786 
(-0.9787) 
 
0.0786 
(2.5854)*** 
 
0.0178 
(0.7313) 
 
 
-0.0799 
(-1.1033) 
 
 
0.0194 
(0.6403) 
 
-0.0017 
(-0.7519) 
 
 
 
0.0152 
(0.6715) 
 
 
0.8439 
(5.5268)*** 
 
- 
 
1.0677 
(3.1494) 
 
2.3379 
(2.0069)** 
 
- 
 
 
- 
 
 
- 
 
 
 
-0.9380 
(-0.6412) 
 
 
1.8191 
(2.5931)*** 
 
0.0577 
(2.4621)*** 
Adj.R2 
 
0.30 
 
0.14 
 
*(t-statistic in brackets) 
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Table IV:  Final Version of the Estimated Model by GMM 
ASE: The General Athens Stock Exchange Index. It serves as a proxy for activity in the financial sector of t he 
economy, HI: The Real Housing Price Index. It serves as a proxy for the decision variable, CC: The Construction 
Cost Index, as a proxy for the supply side in the industry, PROD: The Production Index in real terms of all other 
sectors excluding construction. It is used as a proxy for the output growth in the economy apart from construction, 
INFL: The growth rate in the CPI, as a proxy for the cost of financing, LFPR: The Labor Force Participation Rate, 
as a proxy for the underground economy, LR: The real Long-Run Interest Rate. It indicates periods of expansion 
or contraction in the economy, VARE: It is a measure of the volatility of the Athens Stock Exchange Index, ASE, 
obtained by estimating AR(2), the autoregressive model of order 2 of the ASE, saving the residuals and 
constructing their variance.  
 
 
Variable 
 
Coefficients with Δ(HI) as the 
Dependent Variable 
 
 
 
Coefficients with Δ(ASE) as the 
Dependent Variable 
 
 
 
C 
 
 
 
Δ(ASE(-1)) 
 
 
Δ(HI(-1)) 
 
 
 
Δ(CC) 
 
 
Δ(CC(-1)) 
 
 
Δ(INFL) 
 
 
Δ(LR) 
 
 
Δ(PROD) 
 
 
 
Δ(LFPR) 
 
 
VARE 
 
 
ECT 
 
 
 
0.0138 
(4.838)*** 
 
-0.0044 
(-2.812)*** 
 
 
0.4114 
(10.463)*** 
 
 
0.059 
(4.026)*** 
 
- 
 
 
0.0755 
(9.694) 
 
-0.0007 
(-5.907)*** 
 
-1.0563 
(-3.463)*** 
 
 
0.0161 
(3.219)*** 
 
0.0222 
(3.3945)*** 
 
-0.0015 
(-3.2867)*** 
 
0.0169 
(2.876)*** 
 
0.8296 
(17.578)*** 
 
 
- 
 
 
 
2.467 
(6.1668)*** 
 
 
-5.668 
(-9.588)*** 
 
 
- 
 
-0.0102 
(-3.213)*** 
 
- 
 
 
 
- 
 
1.7436 
(8.0133)*** 
 
0.0549 
(6.8819)*** 
J-Statistic 
 
0.1893  
*(t-statistic in brackets) 
 
All the estimated values of the coefficients of the error correction terms in the 
equations above have the correct sign for an error correction mechanism. The coefficient of 
the HI equation must be negative and the coefficient of the ASE equation must be positive in 
order for the deviations from the long-run equilibrium to be corrected. To verify this, we may 
assume that the error correction term is large and positive. In this case, HI will decrease 
  
19 
 
because its coefficient is negative and ASE will increase because its coefficient is positive. 
Both result in reduction of the error correction term and, therefore, error correction. 
The magnitudes of the coefficients determine the speed of adjustment following an 
exogenous shock to the long-run equilibrium. In our case, these coefficients are rather small 
(0.15% and 5.5% adjustment in each quarter respectively) indicating that the adjustment is not 
quick and the reversion to long-run equilibrium, as determined by the error correction term, 
will be rather slow. 
The test for cointegration developed by Engle and Yoo ((1987 )) is based on the 
significance of the coefficients of the error term. We observe that the disequilibrium term in 
both equations are highly significant. Thus, the Engle and Yoo procedure indicates that the 
two variables are indeed cointegrated. 
We proceed with examining the t-ratios in the estimated model. The t-ratio on the 
lagged disequilibrium term in the ASE equation is significant, revealing that the error 
correction mechanism is operating primarily through the adjustment of the stock exchange, 
rather than the adjustment of housing prices. The lagged value of ASE in the HI equation is 
significant that the stock exchange leads the housing market prices. 
We observe that the coefficient on the error correction term is positive and significant 
in the ASE equation. This implies that when the error correction term is above its equilibrium 
value, ASE increases and the error correction term falls, moving closer to equilibrium. 
Similarly, when the error correction term is below equilibrium, ASE adjusts downwards and 
the error correction term increases towards its equilibrium value. We, therefore, conclude that 
movements in equity prices tend to precede movements in housing prices. This is in consent 
with the generic observation that the financial sector in general and the stock market in 
particular turn down prior to recessions and rise before recovery of the real sector (Siegel, 
((2002 ))).  
In the HI equation, after removing the insignificant variables, we observe that the sign 
and significance of the remaining variables are according to our priori theoretical 
expectations. First, the construction cost index (CCI) is positively related to and has a 
substantial impact upon the housing price index (HI). A possible explanation for the effect of 
construction costs and wages on house prices is the strong dedication of Greek families on 
inheriting properties to their children. This is a fundamental issue which is related with the 
development of any typical Greek family as it is a lifetime dream after buying the house 
where their children will grow up to make a best effort and acquire the house (s) where their 
grandchildren will spend their childhood.  
Moreover, the proxy for the volatility of ASE (VARE) is positively related to the 
housing price index, which is expected to be so since periods of high volatility tend to go 
hand in hand with declines in stock market indices (see, for example, Booth and Koutmos, 
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((1998 )). In such circumstances, housing is treated as a safe heaven by investors and this is 
captured in the above relationship. Also, production-excluding-construction (PROD) is found 
to be negatively related and to exert a significant influence on house prices as originally 
assumed. This is one of the salient features of the Greek economy over the years, with the rate 
of absorption of investment funds in construction tending to be inversely related to the rate of 
absorption of investment funds by the rest of the economy. Further, we note that the labour 
force participation rate (LFPR), which we used as a proxy for the underground economy, is 
found to be significant and positively related with the change in ASE. This may be taken as 
evidence that the underground economy (and especially tax evaded funds) find their way to 
the housing market.  
As far as the second equation is concerned, we observe confirmation of the inverse 
relationship between stock exchange volatility (VARE) and changes in ASE. Also, the 
housing price lagged by one period is inversely related to ASE, implying that it Granger 
causes changes in ASE and verifying the substitute nature of these two different types of 
investment. 
 Perhaps more importantly, substitutability between stock market investment and 
housing market investment, albeit small in magnitude, points to a fundamental shift in the 
behaviour of Greek households away from the old-fashioned “buy and hold” attitude, which 
relates to treating housing as pure consumption and has been largely responsible for steadily 
rising house prices independently of the phase of the business cycle the economy is at, 
towards treating house purchases as investment. In Greece, demand for housing has 
consistently risen faster than supply, leading to constantly rising prices. There has been a big 
primary market and very little of a secondary market. Even when the stock market was at its 
peak and households sold property in order to take advantage of the rise, the rate of growth of 
house prices fell only sluggishly from 14.4% in 1998 to 8.9% in 1999 (Bank of Greece, 
((2008 ))). The apparent shift in household behaviour observed since the mid-1990s is a step 
in the right direction, as it evidently assists house prices to follow the cyclical fluctuations of 
demand and, by implication, the entire Greek housing market to operate in a more orthodox 
manner.  
 
8.  Concluding Remarks 
The purpose of this paper has been to identify theoretically sound and practically 
useful determinants of house prices in the Greek economy. We use an empirical framework 
that allows analysis of the behaviour of house prices in Greece during 1985Q1-2010Q4. In the 
context of an FDW model, we develop an error-correction model that depicts housing market 
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equilibrium in a country-specific framework. The unique element of our paper is that we 
identified a link between stock market volatility and demand for housing.  
We find that construction costs and wages positively affect house prices, while long-
term interest rates, the presence of the informal sector, and production excluding construction 
affect house prices in a negative manner. The apparent negative relationship between 
production in the real sector less construction and real house prices lends support to our 
argument that as house prices in Greece rose over the period examined, the construction 
sector continued to attract the bulk of investment funds, thus depriving the rest of the 
economy of vital investment funds.   
Furthermore, we find that construction costs and long-term interest rates negatively 
affect stock market performance. By contrast, equity prices are positively affected by wages, 
production excluding construction and the presence of the informal sector. The latter 
constitutes evidence that the underground economy in general and funds realized via tax 
evasion in particular eventually find their way to the Greek stock market.   
In the overall upward phase of the 26-year period examined, our investigation of 
short-term fluctuations in stock market performance and real house prices leads to two major 
conclusions. First, the inverse relationship between movements in the stock exchange general 
index and the housing price index is confirmed. The direction of causality is identified as 
running from the financial sector to the real sector. When equity prices fall, households resort 
to the housing market, pushing house prices higher. Moreover, positive developments in the 
housing market in a given quarter exert a negative influence upon stock prices in the ensuing 
quarter, reinforcing the observed negative relationship between the stock market index and 
the housing price index. Additionally, when measuring the equilibrium adjustment 
mechanism, we find that, following an exogenous shock, reversion to the long-run 
equilibrium is a rather slow process.  
Second, we find evidence that the more volatile the stock market index the higher the 
demand for housing and the stronger the positive change in the housing price index appears to 
be. Together with the inverse relationship between the stock market index and the housing 
price index, the positive correlation of equity market volatility and the change in house prices 
confirms the substitute nature of stock market investment versus housing market investment. 
More importantly, the confirmed substitutability between stock market investment and 
housing market investment, albeit small in magnitude, points to a fundamental shift in the 
behaviour of Greek households away from the old-fashioned “buy and hold” attitude towards 
treating house purchases as investment. The apparent shift in household behaviour observed 
since the mid-1990s is critical in assisting house prices to follow the cyclical fluctuations of 
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demand and, by implication, in promoting smoother operation of the entire Greek housing 
market. 
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